Abstract b-glucan is an important polysaccharide due to its medicinal properties of stimulating the immune system and preventing chronic diseases such as cancer. The aim of the present study was to determine the anticlastogenic effect of b-glucan in cells exposed to ultraviolet radiation (UV). Chromosome aberration assay was performed in drug-metabolizing cells (HTC) and non drug-metabolizing cells (CHO-K1 and repair-deficient CHO-xrs5), using different treatment protocols. Continuous treatment (UV ? b-glucan) was not effective in reducing the DNA damage only in CHO-xrs5 cells. However, the pre-treatment protocol (b-glucan before UV exposition) was effective in reducing DNA damage only in CHO-K1 cells. In posttreatment (b-glucan after UV exposition) did not show significative anticlastogenic effects, although there was a tendency toward prevention. The data suggest that b-glucan has more than one action mechanism, being capable of exerting desmutagenic as well as bioantimutagenic action. The findings also suggest that the presence of the xenobiotic metabolizing system can reduce the chemopreventive capacity of b-glucan. Therefore, these results indicate that b-glucan from Saccharomyces cerevisiae can be used in the prevention and/or reduction of DNA damage.
Introduction
There are some substances which can interact with the genetic material, constituting a potential risk to human health. In this manner, alterations of the human genome resulting from human activity (occupation, life style, diet), have led to a preoccupation with adopting protective measures for future generation.
Therefore, various studies have been carried out with the aim of identifying antimutagenic substances, since they can also be anticarcinogenic. Anticarcinogenic substances are capable of impeding, retarding or reducing the development or progression of tumors. These substances can act by three pathways: inhibiting the formation of mutagenic and/or carcinogenic agents; inhibiting the transfer of the carcinogen to specific cells (called blocking agents); and inhibiting the expression of malignant characteristics (called suppressor agents; Kuroda and Hara 1999) .
Thus, many diseases can be prevented by controlling the exposure of humans to mutagenic substances. Epidemiologic, in vivo and in vitro studies have shown an inversely proportional association in the consumption of fruits and vegetables with the risk of developing cancers or other diseases (Ferrari 2001; Ferrari and Torres 2002; Flagg et al. 1995; Weisburger 1999 Weisburger , 2000 Zhang et al. 1999 ).
Functional foods not only satisfy basic nutritional needs but also provide beneficial physiologic effects (Riezzo et al. 2005) . Among these effects, notable ones are reduction in cholesterol, antioxidant and anticarcinogenic properties, and prevention of type 2 diabetes (Arvanitoyannis and Van Houwelingen-Koukaliaroglou 2005; Riccardi et al. 2005) . b-glucans are polysaccharides present in the cell walls of microorganisms (bacteria and fungi) and plants (barley and oats; Cisneros et al. 1996; Zimmerman et al. 1998) .
b-glucans have demonstrated anti-hypercholesterolemic, anti-hyperglycemic, anti-hypertriglyceridemic, anti-arteriosclerotic and anti-diabetic properties (Kim et al. 2005) . In addition, they act stimulating the immune system of the host, thereby exerting a beneficial effect against a variety of infections . Also, b-glucans have been described as modulators of both humoral and cellular immunity (Kubala et al. 2003; Takahashi et al. 2001 ) and as stimulators of growth and differentiation of bone marrow cells (Lin et al. 2004) .
This polysaccharide has also stirred the interest of investigators in the area of cancer, due to various studies that have demonstrated antigenotoxic, antimutagenic and antioxidative properties (Angeli et al. 2006; Krizkova et al. 2003; Mantovani et al. 2008; Oliveira et al. 2006 Oliveira et al. , 2007 Slameñova et al. 2003; Tohamy et al. 2003) against the induction of damage to the genetic material by various chemical agents. This study investigated the anticlastogenic activity of b-glucan against DNA damage induced by ultraviolet radiation in HTC (drug-metabolizing), CHO-K1 (non drug-metabolizing) and CHO-xrs5 (non drug-metabolizing and repair deficient) cells.
Materials and methods

Cell lines and culture conditions
The hepatoma cell line of Rattus norvegicus (HTC), utilized in the present work, was acquired from the Cell Bank of the Federal University of Rio de Janeiro (UFRJ). Chinese hamster ovarian cell lines used were wild-type CHO-K1 and CHO-xrs5 which is deficient in the repair of double-strand DNA, both supplied by the Mutagenesis Laboratory of the School of Medicine of Ribeirão Preto, State University of São Paulo (USP).
The cells were grown in DMEM/F12 medium (Gibco) supplemented with 10 % fetal bovine serum (Gibco) in BOD type incubator, at 37°C. The cells were cultivated in 25-cm 2 flasks as monolayer. Under these conditions, the cell cycle is approximately 24 h for HTC and 12 h for CHO-K1 and CHO-xrs5.
DNA damage-inducing agent DNA damage was induced by ultraviolet light for an exposure time of 5 s. The luminous intensity was 20 lW/cm 2 , and the exposure time was determined in pilot experiments.
Chemopreventive agent
The b-glucan tested in this study was extracted from Saccharomyces cerevisiae and donated by Dr. Hevenilton Jose Matiazi of the Laboratório de Tecnologia de Alimentos e Medicamentos, Universidade Estadual de Londrina. The solution of b-glucan was prepared in sterile Ca ?2 -and Mg ?2 -free PBS, pH 7.4, and utilized concentration of 40 lg/mL in culture.
Chromosomal aberration assay
Cells maintained in 25 cm 2 flasks were trypsinized and the trypsin was inactivated with complete medium. A drop of the cell suspension was placed in Neubauer chamber for cell counting. The number of cells present in five diagonal squares was determined and the mean was multiplied by 25 9 10 4 , which furnished the number of cells in 1.0 mL of cell suspension. A total of 1.0 9 10 6 cells were transferred to each well of 6-well cell culture plates along with 5.0 mL of complete medium. The plates were placed in an incubator to allow the cells to grow for one cell cycle (24 h for HTC and 12 h for CHO-K1 and CHOxrs5). After this period, cells were exposed to ultraviolet radiation by placing the plates under the ultraviolet light in the laminar flow hood for 5 s. The cells were returned to the incubator for another cell cycle period, and afterward harvested, guaranteeing that they would undergo at least one cell cycle after induction of damage to the genetic material, since the aberrations can be lost in subsequent cell divisions. Cells were harvested after 2 h additional exposure to colcemide (0.05 lg/mL) added to the medium.
The cells were harvested with 0.025 % trypsin-EDTA followed by hypotonization with sodium citrate (1 %), and fixation was carried out with methanolacetic acid (3:1). The slides were stained with 5 % Giemsa in Sorensen buffer (pH 7.0) for 5 min, washed in running water, air-dried and conditioned in the refrigerator until analysis, which was performed with a light microscope at 1009 magnification. The analysis was performed by examining 100 metaphases in each culture. The structural alterations observed were: gaps (chromatid and chromosomal), breaks (chromatid and chromosomal), ring, dicentric chromosomes, triradial figures, quadriradial figures, acentric fragments and complex rearrangements. The metaphases that showed more than ten aberrations were classified as multiple aberrations.
Treatment protocols
The cell lines HTC and CHO-k1 were submitted to the following experimental protocols: (a) negative control: protected from UV light by a plate lid and a Kraft paper; (b) positive control: exposed to UV; (c) b-glucan: cells were seeded with 40 lg/mL b-glucan and remained until cell harvest being protected from UV light; (d) pre-treatment: cells were seeded with 40 lg/mL b-glucan and later they were washed with PBS before UV light exposition; (e) continuous treatment: cells were seeded with 40 lg/mL bglucan and remained during UV light exposition; and (f) post-treatment: 40 lg/mL b-glucan was added after UV light exposition and remained until cell harvest. Investigation in CHO-xrs5 cell line was performed only in post-treatment protocol. All the experiments were carried out in triplicate.
Percent reduction in DNA damage and statistical analysis
The percent reduction in chromosome aberrations was calculated by dividing the number of cells with aberrations found with the inducing agent minus the number of cells with aberrations found with the anticlastogenic treatments by the number of cells with aberrations found with the damage-inducing agent minus the number of cells with aberrations found in the control, multiplied by 100 (Waters et al. 1990 ). Statistical analysis for the chromosomal aberration assay was carried out using the Chi-squared test (p \ 0.05).
Results
The total number of aberrations, the frequency of aberrations per cell and the types of chromosomal aberrations observed in the anticlastogenic protocols with b-glucan in HTC cells exposed to UV light are presented in Table 1. Table 2 presents the total number of metaphases with aberrations, the mean UV ultraviolet radiation, bG b-glucan 40 lg/mL, dic dicentric, ib isocromatidic break, cb cromatidic break, qd quadriradial, tr triradial, cr complex rearrange, af acentric fragment, is isochromatidic, ct chromatidic, MA multiple aberrations and standard deviation of the frequency of aberrations and the percent reduction in damage by b-glucan in HTC cells. The statistical analysis of these data demonstrates that b-glucan does not show clastogenic activity. The anticlastogenic protocols demonstrated that there was no efficacy with pre and post-treatments which showed a percent reduction in damage of 3.12 and 53.12 %, respectively. However, the treatment protocol with continuous exposure to b-glucan showed a large reduction in damage, about 87.5 %, which was statistically significant. Table 3 demonstrates the total number of aberrations, the frequency of aberrations per cell and the types of chromosome aberrations observed in the protocols for anticlastogenicity with b-glucan in CHO-K1 cells exposed to UV light. The total number of metaphases with aberrations, the mean and standard deviation of the frequency of aberrations and the percent reduction in damage with bG in CHO-K1 cells can be seen in Table 4 . It is shown again that b-glucan did not exert a clastogenic effect. In this type of cell, unlike with HTC, the pre-treatment protocol was effective in reducing the frequency of chromosome aberrations, as with continuous treatment. Despite that post-treatment with b-glucan showed a reduction in the induction of DNA damage by UV light, this difference was not statistically significant, when compared with the control. The percent reduction in damage for the Table 5 presents the data obtained in CHO-xrs5 cells using the continuous treatment protocol, with regard to the total number of aberrations, frequency of aberrations per cell and types of chromosome aberrations observed. The total number of metaphases with aberrations, the means and standard deviation of the frequency of aberrations found in the CHO-xrs5 cells, as well as the percent reduction in DNA damage by bglucan are shown in Table 6 . Statistical analysis demonstrates that b-glucan was not clastogenic and that continuous treatment was not effective in preventing damage caused by ultraviolet radiation, with only 18.75 % damage reduction.
Discussion
The effects of sunlight have fascinated researchers for decades because nearly every living organism on earth is likely to be exposed to sunlight, including its UV fraction (Shimizu 2010) , and all biological cells are rich in UV-absorbing agents such as nucleic acids and proteins (Sinha and Häder 2002) . The first and main target-structure of UV radiation in animals is the body surface, including the skin and eyes (Vargas et al. 2011) . Meanwhile, ultraviolet light is a potent mutagen for unicellular organisms and for cultured cells grown as monolayer.
In this study, efficacy of b-glucan in reducing the clastogenic damage resulting from exposure to UV UV Ultraviolet radiation, bG b-glucan 40 lg/mL, dic dicentric, ib isocromatidic break, cb cromatidic break, qd quadriradial, tr triradial, cr complex rearrange, af acentric fragment, is isochromatidic, ct chromatidic, MA multiple aberrations light was shown in the protocol of continuous treatment, for the HTC cell line. This chemopreventive action was shown to be very significant, as it produced a reduction in damage of about 87.5 %. However, the protocols of pre-treatment and posttreatment did not show evidence of anticlastogenic effects. Basically, there are two classes of DNA protective substances, those involving a desmutagenic mechanism and those a bio-antimutagenic mechanism (Kada et al. 1982) . Desmutagenic substances are those capable of impeding the action of damage-inducing agents, principally by adsorbing these potentially genotoxic chemicals, thereby acting preferentially in the extracellular medium. However, bio-antimutagenic agents play a role in the prevention of DNA lesions or in their repair, acting inside the cell (Kada and Shimoi 1987) . De Flora (1998) noted that bioantimutagenic substances also act by modulating DNA repair and replication, or by stimulating error-free repair of damage to DNA, or by inhibiting repair systems subject to error. However, reports with respect to these activities against physical agents are not found in the pertinent literature.
Studies with chemical agents indicated that the protocol of continuous treatment can indicate desmutagenic as well as bio-antimutagenic activity. Thus, the two protocols of pre-and post-treatments would be necessary to help in the differentiation of these two types of mechanisms.
In accordance with these findings, it is possible that b-glucan possesses both desmutagenic and bioantimutagenic activity, in view of its statistically significant efficacy in the protocol of continuous treatment.
Studies that relate the mechanism of action of anticlastogenic agents against the induction of DNA damage by physical inducers are only recent. However, one could suppose that b-glucan forms a protective barrier for the cell at the moment of exposure to UV light. As non-ionizing radiations have a low penetrating capacity, ultraviolet rays, for example, would not have sufficient energy to overcome this barrier, which would impede the excitation of electrons in the more outer shells of the atoms of nitrogenous bases. This fact would explain the high level of chemoprevention afforded by continuous treatment and would confirm the hypothesis of desmutagenesis.
The present study then corroborates the hypothesis of desmutagenesis proposed by Slameñova et al. (2003) who investigated the protective effect of three different extracts of glucan, at three different concentrations, against damage induced by hydrogen peroxide and methylene blue in the presence of visible light. This study demonstrated that pre-treatment with the glucans was effective in preventing genotoxic effects detected by the comet assay.
The lack of effect in the pre-treatment protocol in the present study can be explained by the possibility that b-glucan in the culture medium was metabolized, considering that HTC cells are proficient in metabolizing xenobiotics and considering that any unmetabolized b-glucan was removed from the culture medium before exposure to UV light, which would have negated the formation of any protective barrier for the cells, leaving them more susceptible to the action of ultraviolet radiation. The hypothesis of bioantimutagenesis cannot be ruled out, since the post-treatment protocol, despite not showing statistically significant difference, produced a percent reduction in damage of 53.12 %.
When analyzing the results obtained with the CHO-K1 cell line, it was seen again that continuous treatment was effective in reducing damage caused by UV light. It was also demonstrated that, unlike with the HTC line, pre-treatment with b-glucan reduced the frequency of chromosomal aberrations found in CHO-K1 cells, showing it to be effective in reducing the frequency of such aberrations even to baseline levels.
Therefore, it is seen that the hypothesis of interference in metabolism in the chemopreventive effect of b-glucan is pertinent, since the protective effect was demonstrated in the pre-treatment of the non drugmetabolizing cell line and not of the drug-metabolizing line. An important factor in this regard that should be taken into consideration is the time of exposure of the cells to b-glucan, since the HTC cells were exposed to this polysaccharide for a period twice as long as that for the CHO-K1 cells.
The repair-deficient cell line CHO-xrs5 did not demonstrate a chemoprotective effect in the protocol tested, continuous treatment, showing a percent reduction in damage of only 18.75 %. This finding supports the hypothesis of bioantimutagenesis, albeit at a lower efficacy, since the lack of repair mechanisms influenced the response to treatment with b-glucan.
The hypothesis that b-glucan acts through desmutagenesis as well as bioantimutagenesis, albeit less effectively, is supported by the works of Oliveira et al. (2006 Oliveira et al. ( , 2007 , in which b-glucans of different origin were tested, Saccharomyces cerevisiae and barley, against the effects of DNA damage-inducing chemical agents, namely methylmethane sulfonate and 2-aminoanthracene, using treatment protocols of simultaneous simple and pre-incubation, pre-and post-treatment.
In addition to the desmutagenesis and bioantimutagenesis hypothesis, b-glucan can act as an antioxidant, as described by Slameñova et al. (2003) . They demonstrated that b-glucan was capable to sequester free radicals generated by exposure to methylene blue in the presence of visible light and to hydrogen peroxide.
Therefore, based on the principle that cancer can be induced by a mutational event (Ames et al. 1973 ) and taking into account the chemopreventive character of b-glucan, one could consider the utilization of bglucans as anticarcinogenic and/or antimutagenic agents, in the prevention of DNA damage caused by physical as well as chemical agents, such as ultraviolet radiation. The fact that b-glucan did not show any clastogenic damage in any of the cell lines tested allows us to suggest that its consumption is safe, since it is present in various functional foods that comprise part of the diet of the population. However, new studies are necessary to determine the actual mechanisms of action of b-glucan, to optimize the forms of administration of b-glucan in a possible dietary supplementation.
